Apixaban, an oral, direct factor Xa inhibitor, may reduce the risk of recurrent ische mic events when added to antiplatelet therapy after an acute coronary syndrome.
P atients with acute coronary syndromes frequently have recurrent ischemic events despite the use of currently recommended antiplatelet therapy, revascularization procedures as appropriate, and other evidence-based secondary preventive measures. [1] [2] [3] Oral anticoagulation therapy with vitamin K antagonists reduces the incidence of recurrent ischemic events after myocardial infarction but also increases the risk of bleeding when it is added to aspirin or aspirin and clopidogrel. [4] [5] [6] [7] [8] [9] Apixaban, an orally active, selective, direct factor Xa inhibitor, has been shown to reduce the incidence of venous thromboembolism in patients undergoing orthopedic surgery and to prevent thromboembolic events in patients with atrial fibrillation who are not candidates for oral vitamin K antagonist therapy. [10] [11] [12] [13] [14] [15] We previously studied the use of apixaban, at doses of 5 to 20 mg daily, in patients who had had recent acute coronary syndromes and who were receiving aspirin or aspirin plus clopidogrel. 16 Treatment with apixaban resulted in dose-related increases in bleeding events and a trend toward fewer is chemic events. Considering both ischemic events and bleeding events, the preferred dose was thought to be 10 mg daily. Similar findings were observed with another factor Xa inhibitor, rivaroxaban, in a similar population. 17 We therefore conducted a phase 3 trial to determine whether, in high-risk patients with an acute coronary syndrome, the benefit of apixaban in reducing ischemic events would outweigh the increased risk of bleeding.
Me thods

Study Design
The Apixaban for Prevention of Acute Ischemic Events 2 (APPRAISE-2) trial was a double-blind, placebo-controlled, randomized clinical trial conducted at 858 sites in 39 countries. The study was approved by the institutional review board at each participating site. All participating patients gave written informed consent. The trial was supervised by a steering committee (see the Supplementary Appendix, available with the full text of this article at NEJM.org) that included representatives from the sponsors (Bristol-Myers Squibb and Pfizer). The data were managed and all analyses were performed at the Duke Clinical Research Institute, Durham, North Carolina. All the authors designed the study, reviewed the data, participated in the analyses, and assume responsibility for the completeness and accuracy of the data and analyses and for the fidelity of the study to the protocol. The first author wrote the first draft of the manuscript, and all the authors provided comments on subsequent drafts and made the decision to submit the manuscript for publication. The trial protocol and statistical analysis plan are available at NEJM.org. The sponsors provided the drugs for the study.
Study Population
The main inclusion criterion for the trial was an acute coronary syndrome (myocardial infarction, with or without ST-segment elevation, or unstable angina) within the previous 7 days, with symptoms of myocardial ischemia lasting 10 minutes or more with the patient at rest plus either elevated levels of cardiac biomarkers or dynamic ST-segment depression or elevation of 0.1 mV or more. Patients who met this criterion were eligible for the study if their condition was clinically stable and they were receiving standard treatment after the acute coronary syndrome, including aspirin or aspirin plus any P2Y12-receptor antagonist. Eligible patients were also required to have two or more of the following high-risk characteristics: an age of at least 65 years, diabetes mellitus, myocardial infarction within the previous 5 years, cerebrovascular disease, peripheral vascular disease, clinical heart failure or a left ventricular ejection fraction of less than 40% in association with the index event, impaired renal function with a calculated creatinine clearance of less than 60 ml per minute, and no revascularization after the index event. Exclusion criteria are listed in the Supplementary Appendix.
Randomization and Study Regimen
Patients were randomly assigned, in a 1:1 ratio, to receive apixaban, at a dose of 5 mg twice daily, or matching placebo. Patients with an estimated creatinine clearance of less than 40 ml per minute at the time of randomization were randomly assigned to receive apixaban at a dose of 2.5 mg twice daily or matching placebo. Randomization was performed in a blinded fashion with the use of an interactive voice-response system, in permuted blocks of two, stratified according to site and according to planned long-term use of aspirin or aspirin plus a P2Y12-receptor antagonist. Patients who interrupted the study regimen during the course of the trial were encouraged to resume taking the assigned drug if and when possible.
Investigators were encouraged to practice evidence-based medicine and follow appropriate clinical practice guidelines in managing the care of their patients. The use, choices, and duration of antiplatelet therapy, as well as decisions about the use of other medical treatments and subsequent revascularization procedures, were left to the discretion of the treating physicians.
Study Outcomes
The primary efficacy outcome was the composite of cardiovascular death, myocardial infarction, or ischemic stroke. 18 The primary safety outcome was major bleeding, according to the Thrombolysis in Myocardial Infarction (TIMI) definition. 19 Prespecified secondary outcomes included the composite of cardiovascular death, myocardial infarction, ischemic stroke, or unstable angina; the composite of cardiovascular death, myocardial infarction, ischemic or hemorrhagic stroke, or fatal bleeding; and the composite of death from any cause, myocardial infarction, or ischemic or hemorrhagic stroke. Additional efficacy outcomes included the individual components of the primary efficacy outcome, unstable angina, and stent thrombosis. 20 Additional safety outcomes included TIMI major or minor bleeding, major or clinically relevant nonmajor bleeding according to the International Society on Thrombosis and Haemostasis (ISTH) definitions, and severe or moderate bleeding according to the Global Use of Strategies to Open Occluded Coronary Arteries (GUSTO) definitions. 21,22 Data on adverse events other than bleeding were also collected.
The primary and secondary efficacy outcomes and the main safety outcome were adjudicated with the use of prespecified criteria by an independent clinical events committee whose members were unaware of the group assignments. Detailed definitions of outcome events are provided in the Supplementary Appendix.
Statistical Analysis
Assuming a recruitment period of approxi mately 2 years, an average follow-up period of 1.25 years, and a rate of the primary efficacy outcome of 8% per year, we estimated that we would need to enroll 10,800 patients to achieve the desired target of 938 patients with a primary efficacy outcome. With this number of patients with events, we estimated that the study would have 80% power to detect a 20% reduction in relative risk with apixaban as compared with placebo at a one-sided alpha level of 0.005 and 93% power to detect the same reduction in risk at a one-sided alpha level of 0.025.
In November 2010, after approximately 7000 patients had been recruited, the independent data monitoring committee recommended that the trial be stopped, owing to an excess of clinically important bleeding events with apixaban in the absence of a counterbalancing reduction in ischemic events. Recruitment was stopped on November 18, 2010. All the patients enrolled in the study were contacted and told to discontinue the study drug and schedule a final followup assessment. The trial database was locked on March 23, 2011.
The intended treatment period, starting on the day of randomization and ending at the efficacy cutoff date (November 18, 2010), is the basis for the efficacy analyses. The actual treatment period, starting on the date the first dose of study drug was administered and ending 2 days after the last dose of study drug was administered, is the basis for the analyses of safety. A post hoc analysis was performed to assess the primary efficacy outcome during the actual treatment period.
Efficacy and bleeding outcomes were analyzed with the use of a Cox proportional-hazards model that included the assigned study group as a covariate and that was stratified according to antiplatelet therapy (single or dual) at baseline. Data on patients who died of noncardiovascular causes were censored at the time of death. A point estimate and two-sided 95% confidence interval for the hazard ratio were calculated for each outcome. Prespecified efficacy and safety analyses were performed in subgroups according to baseline antiplatelet therapy, type of acute coronary syndrome, treatment for acute coronary syndrome, dose of apixaban, region, age, sex, race, body-mass index, degree of renal impairment, number of risk factors, presence or absence of diabetes mellitus, and presence or absence of heart failure. The rates of efficacy and bleeding events are reported as percentages and as events per 100 patient-years. Other categorical variables are reported as percentages.
All P values are two-sided. All analyses were per-formed with the use of SAS software, version 9.0 (SAS Institute).
R e sult s
Study Participants
A total of 7392 patients underwent randomization between March 17, 2009 , and November 18, 2010 ( Fig. 1 in the Supplementary Appendix). Patients underwent randomization a median of 6 days (interquartile range, 4 to 7) after the index event of acute coronary syndrome and 2 days (interquartile range, 2 to 4) after discontinuation of parenteral antithrombotic therapy. Among the patients who underwent randomization, 81 (1.1%) withdrew consent and 50 (0.7%) were lost to follow-up for the primary outcome during the intended treatment period. The median duration of follow-up from the time of randomization through the last date of contact in the study was 240 days (interquartile range, 132 to 352) among patients assigned to apixaban and 242 days (interquartile range, 131 to 352) among patients assigned to placebo.
By design, the trial population had high rates of diabetes, prior myocardial infarction, cerebrovascular and peripheral vascular disease, heart failure or left ventricular dysfunction, and impaired renal function, and a large proportion of the patients had not undergone revascularization for the index event (Table 1 ). More than half the patients had three or more protocol-defined high-risk characteristics at the time of enrollment.
The index event was a myocardial infarction with ST-segment elevation in approximately 40% of patients, a myocardial infarction without STsegment elevation in 42%, and unstable angina in 18% (Table 1 ). More than 52% of the patients underwent coronary angiography, 44% underwent a percutaneous coronary intervention, and 55% had their condition managed medically.
At the time of randomization, nearly all the patients (97%) were taking aspirin. The majority of the patients (81%) were receiving aspirin plus a P2Y12-receptor antagonist, predominantly clopid ogrel. Most patients were receiving other evidence-based therapies as well, and the rates of these therapies were similar in the apixaban and placebo groups.
Study Drug and Antiplatelet Therapies
A total of 7315 of the 7392 patients who underwent randomization (99.0%) received at least one dose of the assigned study drug; 8.5% of the patients were assigned to the reduced dose of apixaban or matching placebo. Of these 7315 patients, 863 of the 3673 patients who received at least one dose of apixaban (23.5%) and 746 of the 3642 who received at least one dose of placebo (20.5%) stopped taking the study drug before the end of the trial (P = 0.002). The median exposure to the study drug was 175 days (interquartile range, 66 to 293) among patients receiving apixaban and 185 days (interquartile range, 75 to 298) among patients receiving placebo. The most common reasons for discontinuation of the study drug were adverse events (8.5% in the apixaban group vs. 6.5% in the placebo group) and withdrawal of consent (5.3% vs. 4.2%). A total of 1310 (21.5%) of the patients who were taking aspirin plus a P2Y12-receptor antagonist at the time of randomization stopped taking the P2Y12-receptor antagonist during the course of the trial, at a median of 39 days (interquartile range, 13 to 108) after randomization; 135 (11.1%) of the patients receiving aspirin alone at randomization started taking a P2Y12-receptor antagonist during the trial, at a median of 14 days (interquartile range, 4 to 93) after randomization.
Efficacy Outcomes
The final number of primary efficacy events was 572, or 61.0% of the initially planned number. In the intention-to-treat analysis, the primary efficacy outcome of cardiovascular death, myocardial infarction, or ischemic stroke occurred in 279 patients (7.5%) assigned to apixaban (13.2 events per 100 patient-years) and in 293 patients (7.9%) assigned to placebo (14.0 events per 100 patient-years) (hazard ratio with apixaban, 0.95; 95% confidence interval [CI], 0.80 to 1.11; P = 0.51) ( Fig. 1 and Table 2 ). Similar results were seen in an on-treatment analysis (218 vs. 249 events; hazard ratio, 0.89; 95% CI, 0.74 to 1.06; P = 0.19). There were also no significant differences between the apixaban and placebo groups with respect to any of the secondary efficacy outcomes ( Table 2) .
The effect of apixaban as compared with placebo was similar among patients receiving combination antiplatelet therapy and among those receiving aspirin alone. The rates of the primary efficacy outcome among patients who were receiving combination antiplatelet therapy were 7.2% in the apixaban group and 7.5% in the placebo group (hazard ratio with apixaban, 0.95; 95% CI, 0.79 to 1.15), and the corresponding rates among those receiving aspirin alone were 9.0% and 9.8% (hazard ratio, 0.92; 95% CI, 0.66 to 1.29) (P = 0.87 for interaction). Similar findings with respect to the primary efficacy outcome were seen in all key subgroups (Fig. 2 in the Supplementary Appendix).
Bleeding and Other Safety Outcomes
In the on-treatment analysis, the primary safety outcome of TIMI major bleeding occurred in 46 of the 3673 patients (1.3%) who received at least The findings with respect to the primary safety outcome were consistent among all key subgroups ( Fig. 3 in the Supplementary Appendix) . The increase in bleeding events with apixaban, as compared with placebo, was seen both in patients taking combination antiplatelet therapy (1.3% vs. 0.6%; hazard ratio, 2.27; 95% CI, 1.28 to 4.02) and in pa-tients taking aspirin alone (1.1% vs. 0.1%), although there was only a small number of major bleeding events in the aspirin-only subgroup.
The frequencies of serious adverse events and overall adverse events were similar in the apixaban group and the placebo group (24.3% and 59.0%, respectively, in the apixaban group and 24.3% and 57.7%, respectively, in the placebo group). The frequencies of events other than ischemic events and bleeding were either similar in the two groups or lower in the apixaban group than in the placebo group ( Table 1 in the Supplementary Appendix). There were no significant between-group differences in the rates of adverse events related to hepatotoxicity.
Discussion
In this randomized clinical trial, the oral factor Xa inhibitor apixaban, administered at a dose of The primary efficacy outcome was the composite of cardiovascular death, myocardial infarction, or ischemic stroke. An intention-to-treat analysis was used to compare patients assigned to apixaban with those assigned to placebo. The inset shows the same data on an enlarged y axis.
The New England Journal of Medicine Downloaded from nejm.org by SUSANA MELLOR PITA on August 25, 2011. For personal use only. No other uses without permission. 5 mg twice daily in high-risk patients who were taking either aspirin or aspirin plus clopidogrel after an acute coronary syndrome, resulted in a significant increase in bleeding events, including increases in events of fatal and intracranial bleeding, without a significant reduction in recurrent ischemic events. These findings were consistent in all subgroups, including subgroups defined according to antiplatelet therapy (aspirin plus clopid ogrel vs. aspirin alone) and according to management of the acute coronary syndrome (revascularization vs. noninvasive management). The increase in bleeding with apixaban led more frequently to discontinuation of the study drug and resulted in the pre- mature termination of the trial -both of which limit the certainty of the conclusions that can be drawn about efficacy. The current standard of care for patients after an acute coronary syndrome includes dual antiplatelet therapy, typically with aspirin and clopid ogrel. 23, 27 Despite aggressive use of dual antiplatelet therapy, however, patients frequently have recurrent ischemic events. Newer, more potent P2Y12-receptor antagonists provide additional reductions in ischemic events 2 and mortality 3 but at the cost of an increase in bleeding. Thus, patients with a substantial risk of recurrent events have an important unmet need for better secondary prevention. 28 A combination of antiplatelet and anticoagulant agents seems to be an attractive approach. However, such broad antithrombotic therapy may also pose an unacceptable risk of bleeding. 7, 29 In this trial, we enrolled a high-risk patient population, with large proportions of patients who had diabetes, heart failure, or renal insufficiency, as well as a large proportion of patients who did not undergo revascularization for the index event. 2, 3, 22, [30] [31] [32] [33] [34] We hypothesized that this population was most likely to benefit from the addition of an oral anticoagulant agent in addition to standard antiplatelet and other evidencebased therapies. Further investigation is required to determine whether there are other patient populations for which the results may be different or concomitant interventions that might change the risk-benefit profile of the combination of anticoagulation plus antiplatelet therapy in this population.
Three phase 2 clinical trials have investigated the use of new oral anticoagulant drugs in addition to contemporary antiplatelet therapy in patients who have had a recent acute coronary syndrome. 16, 17, 35 When added to antiplatelet therapy, both apixaban and riva rox aban resulted in doserelated increases in bleeding but also appeared to result in larger absolute reductions in ischemic events than those seen with placebo. The increases in bleeding were smaller and the reductions in ischemic events were more pronounced among patients taking aspirin alone than among those taking aspirin plus clopidogrel. The findings from the APPRAISE-2 trial definitively confirm the increases in bleeding observed in the phase 2 trials of factor Xa inhibitors administered in addition to antiplatelet therapy. Unfortunately, the reductions in ischemic events suggested in the phase 2 trial were not observed in this larger phase 3 trial. Because this trial was stopped early owing to the increase in bleeding events, with fewer ischemic events having occurred than the number planned, uncertainty remains regarding the effect of apixaban on ischemic events. The ATLAS-ACS 2 TIMI 51 trial (Anti-Xa Therapy to Lower Cardiovascular Events in Addition to Standard Therapy in Subjects with Acute Coronary Syndrome-Thrombolysis in Myocardial Infarction 51; ClinicalTrials .gov number, NCT00402597), which includes a lower-risk population than that in the APPRAISE-2 trial and is evaluating two different doses of another factor Xa inhibitor, is currently ongoing. 36 Whether this trial will have similar results remains to be seen. Meta-analyses of earlier studies with oral vitamin K antagonists combined with aspirin, as compared with aspirin alone, showed that there were reductions in recurrent ischemic events in patients after acute coronary syndromes. 4, 5 In a large, observational analysis that included more than 40,000 patients with myocardial infarction, the use of triple therapy (aspirin, clopidogrel, and a vitamin K antagonist), as compared with aspirin alone, was associated with a rate of bleeding that was increased by a factor of 4, with no significant difference in the rate of survival. 29 Similar increases in bleeding events have been seen in other studies and other clinical settings in which the use of combined antiplatelet and anticoagulant therapy may be considered. 7 The results of the current trial raise doubt about whether meaningful incremental efficacy can be achieved with an acceptable risk of bleeding by combining a long-term oral anticoagulant with both aspirin and a P2Y12receptor antagonist in patients with coronary disease.
In summary, we evaluated the addition of apixaban, at a dose of 5 mg twice daily, to standard antiplatelet therapy in patients with an acute coronary syndrome. Treatment with apixaban, as compared with placebo, was associated with a significant increase in the risk of bleeding, without a significant effect on the incidence of recurrent ischemic events. 
